P1 u t o n i um F i n i s h i na P1 a n t C r i t i c a l i t v and S h i e l d i n a (403)
As part of the plutonium stabilization operations in the 234-52 Building, several runs of 26-inch (26 inches of Hg) process vacuum header, along with associated smaller piping is to be cut into sections and disposed of. This criticality safety evaluation report (CSER) requested by Nirider (1996) addresses the removal of several hundred feet of abandoned 3 and 4 inch nominal diameter vacuum header and associated smaller diameter piping runs located in the duct level of the 234-52 Building in rooms 262, 263, and 264 as shown in the two attached drawings.
Portions of the vacuum header to be removed contain significant amounts of plutonium, mainly in the form o f oxides. operations the material within the pipe is thought to be wet, and possibly to have slumped to the bottom of the pipe cross-section rather than to be uniformly distributed around the pipe circumference. Additional conservatism is therefore required and all analyses in this CSER assume the material to be optimally moderated. The small size of the piping (nominal 4 inch or less) Due to the nature o f the system 1 .
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.

5.
Before beginning a c t i v i t i e s t o c u t o r dismantle any d u c t s e c t i o n from
i t s c u r r e n t l y i n s t a l l e d p o s i t i o n , t h e r e must be v e r i f i c a t i o n t h a t t h e r e i s no more than 0.5 l i t e r s o f f r e e l i q u i d i n t h e s e c t i o n t o be removed o r i n t h e same o r connected p i p i n g a t a h i g h e r e l e v a t i o n than t h e s e c t i o n t o be removed. Accumulations o f up t o 2 l i t e r s may be removed u s i n g equipment meeting t h e requirements o f Item 7 below. I f more than 2 l i t e r s o f l i q u i d are discovered i n t h e p i p i n g , work s h a l l be stopped u n t i l a r e v i s e d p l a n i s developed and approved f o r removal o f t h e l i q u i d .
Only one segment o f p i p i n g i s t o be removed a t a time. s e c t i o n i s t o be removed from t h e work area and any f i s s i l e m a t e r i a l s p i l l s are t o be cleaned up before making t h e c u t t o separate another p i p e s e c t i o n .
The p r o j e c t i s t o be planned so t h a t t h e t o t a l amount o f f i s s i l e m a t e r i a l contained i n a p i p i n g s e c t i o n t o be removed i s l e s s than 4 kg as determined by t h e h i g h value o f t h e most r e c e n t n o n d e s t r u c t i v e assay
(NDA) measurement. I f unexpected f i s s i l e m a t e r i a l accumulations i n excess o f 4 kg are discovered i n t h e removed p i p e s e c t i o n , work s h a l l be stopped u n t i l a r e v i s e d p l a n i s developed and approved.
A c u t -o f f p i p e
Unless t h e c u t a t t h e upper end i s closed by a nonflammable, heat r e s i s t a n t p l u g or blank, no more than 8 kg o f f i s s i l e m a t e r i a l may be present between a c u t a t t h e upper end o f a header and a b l a n k e d -o f f o r plugged lower end (whether o r n o t a d r a i n i s present). preclude t h e p o s s i b i l i t y o f a c r i t i c a l l y unsafe c o n d i t i o n due t o water e n t e r i n g t h e c u t a t t h e h i g h e r end washing m a t e r i a l down and f i l l i n g t h e lower end.
A t l e a s t t h r e e p h y s i c a l b a r r i e r s and/or a d m i n i s t r a t i v e c o n t r o l s i n procedures are t o be included t o prevent water access i n t o t h e f i s s i l e m a t e r i a l deposits i n s i d e t h e s t i l l -c o n n e c t e d p i p i n g o r i n t o any detached p i p e s e c t i o n s o r pieces.
. T h i s i s t o
Examples i n c l u d e t h e f o l l o w i n g :
A CPS l i m i t f o r t h e p r o j e c t t h a t p r o h i b i t s t h e a d d i t i o n o f water
( o r o t h e r l i q u i d hydrogenous m a t e r i a l s ) w i t h t h e exceptions o f t h a t contained i n t h e hardening foam, i n l u b r i c a n t s used i n t h e sawing operation, and i n wrung-out damp rags used f o r cleanup.
A greenhouse/glovebag t h a t houses t h e duct s e c t i o n i n g operations t o exclude f i r e -s p r i n k l e r water access. It i s recommended t h a t a nonhydrogenous f i r e e x t i n g u i s h e r be a v a i l a b l e near t h e glovebag t o handle p o t e n t i a l f i r e s i n t h e p l a s t i c s caused by sparks from t h e sawing operation.
Capping t h e ends o f removed duct sections and open ends o f p i p i n g s t i l l i n place w i t h nonflammable, heat r e s i s t a n t blanks o r p l u g s .
The double wrapping and s e a l i n g o f t h e c u t -o f f p i p e s e c t i o n s f o r contamination c o n t r o l b e f o r e t r a n s f e r o u t o f t h e greenhouse/glovebag.
6.
Minimum edge-to-edge spacing between detached p i p e sections, any loaded c o n t a i n e r , and p i p i n g o r d u c t i n g c o n t a i n i n g an accumulation o f plutonium w i l l be 25 cm (10 inches) i n s i d e t h e greenhouse/glovebag, and 91 cm (3 f e e t ) o u t s i d e t h e greenhouse/glovebag. between c o n t a i n e r s l a r g e r than 0.5 l i t e r h o l d i n g plutonium i n water w i l l be 91 cm (3 f e e t ) . spacing between f i s s i l e bearing containers ( i n c l u d i n g c u t pieces o f vacuum system p i p i n g ) w i l l be 25 cm (10 i n c h e s ) . r e l a t i v e l y h i g h f i s s i l e loadings allowed f o r t h i s operation, t h e s t r i c t observance o f spacing l i m i t s i s considered t o be extremely important. EXCEPTION: When a p i p e s e c t i o n i s c u t from t h e vacuum header i n t h e greenhouse/glovebag, o r i s c u t i n t o two pieces i n t h e glovebox, t h e c u t ends s h a l l be moved a p a r t and t h e minimum 25 cm spacing e s t a b l i s h e d as soon as p r a c t i c a b l e . EXCEPTION: During c u t t i n g and c l e a n i n g operations i n t h e glovebox, a s i n g l e 0.5 l i t e r p o l y j a r o r s l i p -t o p c o n t a i n e r may be brought up t o a p i p e s e c t i o n f o r t h e purpose o f t r a n s f e r r i n g m a t e r i a l . t r a n s f e r i s complete, t h e minimum 25 cm spacing s h a l l be r e e s t a b l i s h e d .
Minimum edge-to-edge spacing I n s i d e glovebox 235-B-2, minimum edge-to-edge
Because o f t h e
When t h e 7 .
L i q u i d w i l l be removed from vacuum system p i p i n g when r e q u i r e d u s i n g o n l y g e o m e t r i c a l l y safe t u b i n g and containers as approved by t h e CSR.
Use o f p l a s t i c w i l l conform t o Section G o f CPS-Z-185-80010, Rev./Mod.
C-2, General L i m i t s .
c o n s t r u c t e d i n such a way as t o prevent a sudden ingress o f water from forming a cone o r hemisphere too l a r g e t o be g e o m e t r i c a l l y f a v o r a b l e f o r c r i t i c a l i t y prevention.
on detached d u c t i n g be taped w i t h a maximum spacing o f 6 inches along t h e e n t i r e l e n g t h o f t h e duct s e c t i o n t o preclude t h e f o r m a t i o n o f a c r i t i c a l geometry should m a t e r i a l l e a k out o f t h e duct i n t o t h e s l e e v i n g .
8.
The glovebag and greenhouse ( i f used) w i l l be It i s very important t h a t t h e p l a s t i c s l e e v i n g 9.
Handling o f non-standard containers s h a l l conform t o CPS-2-165-80330, Rev./Mod. C-0, 200 Gram StoragelTransportation L i m i t f o r Ion-Standard Containers, except t h a t c u t o f f p i p e sections and pieces may c o n t a i n up t o 4 kg o f plutonium provided t h a t t h r e e b a r r i e r s t o water e n t r y are provided as s p e c i f i e d i n Item 5 above. b a r r i e r s s h a l l be p h y s i c a l b a r r i e r s on t h e p i p e s e c t i o n i t s e l f (e.g. l e a k -t i g h t end plugs and p l a s t i c wrap) so as t o prevent any leakage o f f i s s i l e m a t e r i a l i n t o t h e surrounding container, as w e l l as t o prevent e n t r y o f water i n t o t h e p i p e section.
I f a c u t o f f p i p e s e c t i o n i s p u t i n a 55 g a l l o n drum f o r NDA and/or t r a n s p o r t between t h e work area and t h e glovebox, t h e spacing and f i s s i l e m a t e r i a l l i m i t s o f CPS-2-165-80100, Out o f Hood F i s s i l e M a t e r i a l Storage, w i l l n o t be used. Instead, t h e requirements o f items 6 and 9 above w i l l apply. Only one p i p e s e c t i o n may be placed i n a drum. I t i s e s p e c i a l l y important t h a t t h e p i p e s e c t i o n be sealed by two p h y s i c a l b a r r i e r s , as r e q u i r e d by i t e m 9 above, (e.g. l e a k -t i g h t end p l u g s and p l a s t i c wrap) t o prevent any leakage o f f i s s i l e m a t e r i a l i n t o t h e drum. When used f o r t h i s purpose, t h e 55 g a l l o n drum i s t o be used o n l y as a t r a n s p o r t c o n t a i n e r and n o t f o r l o n g term storage. A drum c o n t a i n i n g a duct s e c t i o n i s t o be attended a t a l l times when t h e cover i s removed. Minimum edge-to-edge spacing between loaded drums, and between loaded drums and o t h e r loaded containers and p i p i n g o r d u c t i n g c o n t a i n i n g an accumulation o f plutonium w i l l be 91 cm (3 f e e t ) .
For t h i s o p e r a t i o n t h e o n l y f i s s i l e bearing c o n t a i n e r s allowed i n t h e glovebox are 0.5 l i t e r containers and nominal 4-inch diameter o r s m a l l e r p i p e s e c t i o n s . I n s i d e glovebox 235-B-2, minimum edge-to-edge spacing between f i s s i l e u n i t volume masses ( i n c l u d i n g c u t pieces o f vacuum system p i p i n g ) w i l l be 25 cm (10 inches). Two u n i t volumes o f t h r e e 0 . 5 -l i t e r c o n t a i n e r s are allowed i n t h e glovebox a t one time. Each u n i t volume i s t o be separated from c u t pieces o f vacuum system p i p i n g and o t h e r u n i t volume masses by a minimum o f 25 cm (10 inches). t h e r e l a t i v e l y h i g h f i s s i l e loadings allowed f o r t h i s operation, t h e s t r i c t observance o f spacing l i m i t s i s considered t o be extremely important.
Only one p i p e s e c t i o n which would make t h e t o t a l glovebox f i s s i l e l o a d i n g g r e a t e r than o r equal t o 400 g (wet) o r 2.5 kg ( d r y ) i s t o be brought i n t o t h e glovebox a t a time. More than one p i p e s e c t i o n can be loaded i n t o t h e glovebox under p r o v i s i o n s o f t h e e x i s t i n g glovebox CPS (CPS-2-165-80290) i f t h e t o t a l glovebox l o a d i n g does n o t exceed 400 g (wet) o r 2.5 kg ( d r y ) . EXCEPTION: When a p i p e s e c t i o n i s c u t i n t o two pieces i n t h e glovebox, t h e c u t ends s h a l l be moved a p a r t and t h e minimum 25 cm spacing e s t a b l i s h e d as soon as p r a c t i c a b l e . EXCEPTION: During c u t t i n g and cleaning operations i n t h e glovebox, a s i n g l e 0.5 l i t e r p o l y j a r o r s l i p -t o p c o n t a i n e r may be brought up t o a p i p e s e c t i o n f o r t h e purpose o f t r a n s f e r r i n g m a t e r i a l . t r a n s f e r i s complete, t h e minimum 25 cm spacing s h a l l be r e e s t a b l i s h e d .
A t l e a s t two o f t h e t h r e e 10.
11.
Because o f 14. Criticality Alarm System (CAS) coverage is required.
Pieces of vacuum system piping or other material disposed of as waste from the glovebox or the NDA station pass beyond the scope of this CSER and should be packaged and handled in accordance with applicable PFP and Central Waste Complex (CWC) limits and procedures.
DESCRIPTION OF PROJECT
This project involves the removal of several hundred feet of abandoned 3 and 4 inch nominal diameter vacuum header and associated smaller piping runs located in the duct level of the 234-52 Building in rooms 262, 263, and 264 as shown in the two attached drawings (including the run of abandoned 3 inch reference piping shown in the second drawing).
reduce the potential for release of contamination. Some of the piping will be plugged at the locations to be cut using a hardening foam.
sections will be cut within a hardened plastic box or sleeve. section is released from the header, it will be wrapped and placed in a container for transport to the NDA station. Based on the results of this more accurate NDA, the pipe section can be directly consigned to disposal or transferred to glovebox 235-8-2 where it can be cut into smaller pieces as necessary, and removable material cleaned from the inside of the piping and placed inside 0.5 liter containers. The pipe pieces and other material will then be prepared for disposal from the glovebox.
The cutting operations will take place inside a glovebag in order to Other pipe After a pipe
PREVIOUS ANALYSES
The CPS-Z-165-80141 Rev./Mod. 8-2, 26-inch Vacuum System, provides limits for preventing a possible criticality from Pu accumulations in demisters. plutonium in a demister body is limited to 400 g with total Pu in the demister leg being limited to 1000 9. Mass, volume, and spacing limits are also provided for movable containers associated with demister draining and flushing operations. Explicit limits are not given for fissile or liquid accumulations in the vacuum lines other than the demister legs. The reference drawing for the 26-inch vacuum system is H-2-96418. associated systems are listed in CPS-Z-165-80141. The analyses for these limits were documented in CSER 78-013, 26-Inch Hg Vacuum System (Thomas 1978, Altschuler 1991) and CSER 94-011, Use of Glovebags for Demister Draining Operations (Hess 1994) .
Total
Drawings for system components and
The CPS-2-165-80290 Rev.
/Mod. A-0 provides l i m i t s t o prevent a c r i t i c a l i t y d u r i n g plutonium operations i n Glovebox 235-8-2 i n Room 235C o f t h e 234-5-2 B u i l d i n g . T h i s glovebox has no r e g u l a r f u n c t i o n . F i v e s e t s o f l i m i t s are p r o v i d e d t o a l l o w performance o f one-time o r non-routine a c t i v i t i e s such as
i n s p e c t i n g , weighing, sampling, repackaging, s o r t i n g contents o f waste drums, and disassembly o f HEPA f i l t e r s . documented i n CSAR 79-041, Miscellaneous Processes (Chiao 1979) and CSAR 83-001, 235-8-2 S o r t i n g Glovebox ( A l t s c h u l e r 1983).
The analyses f o r these l i m i t s were
EVALUATION OF CRITICALITY SAFETY CONTROLS E v a l u a t i o n o f t h e removal o f 26-inch (26 i n c h Hg) vacuum process l i n e s p r i m a r i l y uses a f i s s i l e mass l i m i t and t h e g e o m e t r i c a l l y f a v o r a b l e s i z e o f t h e p i p e (4 i n . nominal diameter o r l e s s ) t o e s t a b l i s h t h a t t h e removed s e c t i o n s o f t h e p i p i n g w i l l remain s u b c r i t i c a l . Since t h e m a t e r i a l w i t h i n t h e l i n e i s presumed t o be wet and p o s s i b l y t o have slumped t o t h e lower p o r t i o n s o f t h e d u c t circumference, optimum moderation has been assumed i n e s t a b l i s h i n g t h e mass l i m i t . It i s expected, however, t h a t t h e m a t e r i a l w i l l a c t u a l l y be undermoderated so t h a t i t i s considered prudent t o preclude t h e a d d i t i o n o f water t o t h e i n t e r i o r o f t h e c u t sections o r remaining system components so as t o maximize t h e s a f e t y margin w i t h respect t o moderation. r e f l e c t i o n i s assumed i n order t o remove any concern w i t h r e s p e c t t o t h e amount o f p l a s t i c wrap o r ALARA s h i e l d i n g which can be used f o r t h e p r o t e c t i o n and s a f e t y o f o p e r a t i n g personnel.
S i m i l a r l y , f u l l
PLUTONIUM CONTROL
The f i r s t l i m i t t o prevent c r i t i c a l i t y i s t h e mass o f f i s s i l e m a t e r i a l i n a s e c t i o n o f removed p i p i n g . I n t h i s case t h e maximum nominal s i z e o f t h e p i p e t o be removed i s 4 inches. For conservatism, t h e a c t u a l maximum i n s i d e diameter o f t h e d u c t i s assumed t o be t h a t f o r schedule 5 s t e e l p i p e as shown i n Table 1 along w i t h t h e associated maximum volume p e r f o o t . Assuming t h e m a t e r i a l t o be evenly d i s t r i b u t e d along t h e l e n g t h o f t h e s e c t i o n , t h e minimum c r i t i c a l 239Pu l i n e a r d e n s i t y f o r a c y l i n d e r i s g i v e n i n Figure I I I . A . 7 ( 1 0 0 ) -3 o f ARH-600 (Carter 1969) . The r e s u l t s f o r o p t i m a l l y moderated and fully reflected material in an infinite cylinder are shown in Table 2 . The theoretical maximum density for PuO, is 11.46 g/cm3 which corresponds to a plutonium density of 10.1 g Pu/cm3. The required critical density for nominal 2 inch pipe therefore exceeds the maximum density attainable with PuO,.
A cylinder length equal to at least 4 diameters is required for a finite cylindrical geometry to approach an effectively infinite length for criticality purposes. section lengths equal to 4 diameters are shown in Table 3 .
The resulting 239Pu critical masses corresponding to Table 2 ).
For a highly localized concentration of material within the duct, an optimally moderated, fully reflected spherical geometry with a diameter equal to the inside diameter of the duct is assumed. Minimum critical 239Pu masses for a sphere are given in Figure III. A.9(100)-4 of ARH-600 (Carter 1969) . Resulting minimum critical masses and required fissile densities are shown in Table 4 . Spherical Pu concentrations which can f i t i n s i d e Nominal 4 i n c h and s m a l l e r diameters are g e o m e t r i c a l l y safe f o r PuO, ( o r o t h e r compounds which c o u l d be present i n t h i s case) s i n c e Pu d e n s i t i e s r e q u i r e d f o r c r i t i c a l i t y exceed t h a t o f f u l l y dense oxide i n every case.
i n t h e t r a n s p o r t c o n t a i n e r where m a t e r i a l could l e a k past t h e end p l u g i n t o t h e p l a s t i c overwrap.
As a worst case, i t i s assumed t h a t a l l t h e f i s s i l e m a t e r i a l i n t h e s e c t i o n runs t o t h e lower end and enough l e a k s i n t o t h e p l a s t i c overwrap t o form a l a y e r o f m a t e r i a l 0.75 inches t h i c k o u t s i d e t h e duct ( l i m i t e d o n l y by t h e r e q u i r e d tape wrap o f t h e p l a s t i c s l e w i n g
) . The f i s s i l e m a t e r i a l and associated water i s then assumed t o form a homogeneous sphere w i t h a diameter 1.5 inches l a r g e r than t h e i n s i d e diameter o f t h e d u c t .
(No c r e d i t i s taken f o r t h e presence o f t h e duct w a l l . ) As before, optimum moderation and f u l l r e f l e c t i o n are assumed.
Once t h e d u c t s e c t i o n has been c u t , It may be s e t i n a v e r t i c a l p o s i t i o n Minimum c r i t i c a l 239Pu masses f o r a sphere are g i v e n i n Figure  III .A.9(100)-4 o f ARH-600 ( C a r t e r 1969). f o r these l a r g e r diameter spheres and r e q u i r e d f i s s i l e d e n s i t i e s are shown i n Table 5 . R e s u l t i n g minimum c r i t i c a l masses 
o n f i g u r a t i o n s f o r PuO, ( o r o t h e r compounds which could be present i n t h i s case) since Pu d e n s i t i e s r e q u i r e d f o r c r i t i c a l i t y exceed t h a t o f f u l l y dense oxide. The minimum c r i t i c a l masses f o r nominal 3 and 4 i n c h ducts, however, are more r e s t r i c t i v e than those f o r h o r i z o n t a l sections where t h e m a t e r i a l i s assumed t o remain w i t h i n t h e p i p e ( s e e Table 3 
may be made a t t h e low end o f t h e l i n e and segments removed working up t h e slope o f t h e header. I f t h e lower end o f t h e header i s c u t and capped, t h e l i n e upstream w i l l no l o n g e r have an open d r a i n ( i f one was i n i t i a l l y present). I f water i s then introduced t o t h e upstream p o r t i o n , f i s s i l e m a t e r i a l could be c a r r i e d down t h e l i n e and accumulate against t h e lower end cap and p l a s t i c overwrap l e a d i n g t o a s i t u a t i o n s i m i l a r t o t h e previous case where a s e c t i o n i s stood on end and m a t e r i a l l e a k s past t h e end p l u g i n t o the taped overwrap. This s i t u a t i o n i s n o t as severe, however, i n t h a t t h e duct i s n e a r l y h o r i z o n t a l so t h a t t h e r e would be much l e s s tendency f o r t h e dense Pu compounds t o be c a r r i e d along t h e duct w i t h t h e water. It i s t h e r e f o r e assumed t h a t h a l f o f t h e f i s s i l e content of t h e upstream s e c t i o n o f duct could be c a r r i e d down t o t h e capped end, l e a k past t h e end cap and form a homogeneous spherical mass a t t h e lower end o f t h e duct. Based upon t h i s consideration, and t h e a n a l y s i s o f t h e v e r t i c a l d u c t section, i t i s t h e r e f o r e s p e c i f i e d t h a t no more than 8 kg o f f i s s i l e m a t e r i a l be present between two c u t s i n t h e duct header. The concern here i s t h a t water c o u l d e n t e r t h e c u t a t t h e higher end and l e a k p a s t t h e p l u g a t t h e lower end f i l l i n g t h e p l a s t i c overwrap, p o s s i b l y l e a d i n g t o a c r i t i c a l l y unsafe c o n f i g u r a t i o n .
If a header which i s blanked o f f , o r has been c u t o f f and plugged a t t h e lower end, i s opened a t t h e upper end, t h e header becomes a c o n t a i n e r and i t i s possible, based on t h e i n f o r m a t i o n i n Tables 2 and 3, t o produce an unsafe c o n d i t i o n i f water enters t h e header and washes m a t e r i a l down and f i l l s t h e lower end. For t h i s reason, t h e 8 kg l i m i t above s h a l l a l s o apply t o t h e t o t a l amount of f i s s i l e m a t e r i a l between an open c u t end i n a header and a blanked-off o r plugged lower end. Note t h a t , due t o t h e small s i z e o f t h e d r a i n l i n e t o t h e demister, and t h e p o s s i b i l i t y t h a t i t could be
plugged by a l a r g e amount o f m a t e r i a l being washed down from t h e higher end, a header t e r m i n a t i n g i n a demister s h a l l be considered as being blanked o f f f o r t h i s purpose.
Most o f t h e vacuum header ( 3 o r 4 i n c h nominal diameter) t o be c u t
The p r e l i m i n a r y p l a n i s t o begin c u t t i n g segments from t h e h i g h
MODERATION CONTROL The m a t e r i a l i n s i d e t h e 26-inch vacuum system duct sections t o be removed i s presumed t o be wet. The b u l k d e n s i t y o f PuO, powder can be l e s s than 1 g/cm . I f 1 g/cm3 powder i s s a t u r a t e d w i t h water ( w i t h o u t i n c r e a s i n g i t s volume), t h e corresponding H/Pu r a t i o can be as h i g h as 23.9.
Even i f excess water i s poured o f f , t h e r e f o r e , t h i s m a t e r i a l could s t i l l have a H/Pu r a t i o > 20 and must be t r e a t e d as f u l l y moderated according t o CPS-Z-165-80010, General Limits and CPS-Z-165-80100, Out-of-Hood Fissile Material Storage. c r i t i c a l i t y even f o r optimum moderation. I n r e a l i t y , however, t h e m a t e r i a l i s expected t o be undermoderated, so i t i s considered prudent t o preclude water from e n t e r i n g
e i t h e r t h e remaining duct, o r removed sections, i n o r d e r t o maximize t h e s a f e t y margin w i t h respect t o moderation. I f f r e e l i q u i d i s present i n o r above a s e c t i o n o f p i p i n g t o be c u t , i t should be d r a i n e d t o t h e e x t e n t p r a c t i c a b l e t o minimize movement o f m a t e r i a l i n s i d e t h e duct and t o reduce spread o f contamination d u r i n g t h e c u t t i n g operations, as w e l l as t o minimize p o t e n t i a l moderation.
header, s m a l l e r connecting l i n e s , o r a c u t segment, g e o m e t r i c a l l y safe funnels, t u b i n g , and c o n t a i n e r s must be used because t h e amount and c o n c e n t r a t i o n o f plutonium i n t h e l i q u i d w i l l n o t be known.
The mass l i m i t s developed above are t h e r e f o r e designed t o prevent
I f f r e e l i q u i d i s drained from t h e d u c t Procedures f o r t h i s p r o j e c t are n o t t o a l l o w i n t r o d u c t i o n o f any hydrogenous l i q u i d s , except f o r t h e small q u a n t i t i e s associated w i t h t h e hardening foam, l u b r i c a n t s used i n sawing t h e duct, o r damp rags used f o r cleanup o r c a t c h i n g h o t saw f i l i n g s . Water o r o t h e r hydrogenous l i q u i d s from any o t h e r source s h a l l be excluded under t h e l i m i t s s e c t i o n o f a CPS t o be e s t a b l i s h e d f o r t h i s p r o j e c t . The duct d i s m a n t l i n g w i l l be c a r r i e d o u t i n s i d e glovebags t o reduce t h e p o t e n t i a l f o r t h e spread o f contamination and t o prevent i n g r e s s o f water t o t h e f i s s i l e m a t e r i a l due t o p o s s i b l e a c t i v a t i o n o f
t h e f i r e -c o n t r o l s p r i n k l e r ( t h e most p l a u s i b l e water source o f s i g n i f i c a n c e ) . A d d i t i o n o f water t o exposed f i s s i l e m a t e r i a l w i l l be f u r t h e r precluded by capping o f f f l a n g e s and c u t ends. s u f f i c i e n t l y heat r e s i s t a n t so as t o prevent e n t r y o f f i r e f i g h t i n g o r s p r i n k l e r water i n case o f an a c t u a l f i r e . contamination c o n t r o l i s t o be no l a r g e r i n diameter than necessary t o perform i t s f u n c t i o n , and i s t o be securely taped w i t h a maximum spacing between t a p i n g s o f 6 inches i n accordance w i t h CPS-Z-165-80010, General Limits.
The demister l e g v a l v e ( i f present) should be kept open a f t e r c u t t i n g has s t a r t e d on t h e upstream header t o m a i n t a i n a drainage p a t h u n t i l a c u t a t t h e lower end o f t h e header i s o l a t e s t h e valve from t h e main body o f t h e remaining header.
These caps are t o be nonflammable and
The p l a s t i c overwrap r e q u i r e d f o r
SPACING CONTROLS
A l l o f t h e wrapped and sealed duct segments obtained from t h e operations are t o be considered f i s s i l e -b e a r i n g containers. ducts i s presumed t o be wet, spacing o f these c o n t a i n e r s i s necessary t o preclude a c r i t i c a l i t y should a l a r g e amount o f r e f l e c t i o n a l s o be introduced.
Once a s e c t i o n has been c u t and moved away from t h e vacuum header i n s i d e t h e
Since t h e m a t e r i a l i n t h e glovebag/greenhouse, a minimum edge t o edge spacing o f 10 inches ( 2 5 cm) s h a l l be maintained between t h e c u t segment and vacuum system components o r o t h e r d u c t i n g c o n t a i n i n g a f i s s i l e accumulation i n accordance w i t h CPS-Z-165-80141,
26-inch Vacuum System. Outside t h e glovebag/greenhouse, t h e general spacing l i m i t o f 3 f e e t (91 cm) f o r containers o f undetermined content (CPS-Z-165-80010, General L i m i t s ) s h a l l apply t o a l l f i s s i l e bearing c o n t a i n e r s i n c l u d i n g 55 g a l l o n drums used t o c o n t a i n a duct segment and c o n t a i n e r s used f o r h o l d i n g l i q u i d d r a i n e d from t h e d u c t i n g .
accurate measurement o f t h e plutonium content before d i s p o s i t i o n . content and s e c t i o n s i z e p e r m i t t i n g , t h e m a t e r i a l may be disposed o f d i r e c t l y from t h e NDA s t a t i o n . content o f 4 kg, t h e work i s t o stop and a r e v i s e d work p l a n developed and approved b e f o r e t h e s e c t i o n i s moved from t h e NDA s t a t i o n .
The c u t -o f f p i p i n g sections are t o be subjected t o an NDA f o r a more F i s s i l e I f t h e s e c t i o n has more than t h e allowed plutonium 4.4 SPILLAGE CONTINGENCY S p i l l e d m a t e r i a l could accumulate i n s i d e t h e glovebag used t o c o n t a i n t h e operations, b u t should n o t be able t o form a shape g e o m e t r i c a l l y conducive t o a c r i t i c a l i t y because o f CPS r e s t r i c t i o n s on t h e use o f p l a s t i c s . However, assuming 5 kg o f plutonium (25% more than t h e maximum a l l o w a b l e i n a c u t d u c t s e c t i o n ) s p i l l e d i n t o t h e glovebag and formed an o p t i m a l l y moderated sphere w i t h nominal moderation ( 1 i n c h o f water e q u i v a l e n t ) , a volume o f more than 10 l i t e r s o f water would be r e q u i r e
d t o produce a c r i t i c a l i t y under optimum c o n d i t i o n s (Pu homogeneously mixed w i t h t h e moderating w a t e r ) . This volume corresponds t o about 7 f e e t o f nominal 4 i n c h duct (4.33 i n c h I D ) f i l l e d h a l f f u l l of water. It i s n o t considered c r e d i b l e t h a t such an accumulation o f water c o u l d e x i s t undetected i n a s e c t i o n o f duct t o be c u t . I n a d d i t i o n , t h e geometry o f t h e d u c t i n g and engineered use
o f p l a s t i c s precludes a s u f f i c i e n t volume t o a l l o w a c r i t i c a l c o n f i g u r a t i o n t o form even i f s i g n i f i c a n t f r e e water were i n t h e d u c t i n g . No a d d i t i o n a l l i m i t s are r e q u i r e d f o r t h i s contingency.
GLOVEBOX OPERATIONS
A f t e r NDA, each duct s e c t i o n n o t consigned d i r e c t l y t o disposal i s t o be moved t o glovebox 235-8-2 f o r f u r t h e r c u t t i n g i n t o s m a l l e r pieces as r e q u i r e d and f o r removal o f m a t e r i a l from t h e i n t e r i o r o f t h e duct pieces. It has been shown p r e v i o u s l y i n t h i s a n a l y s i s t h a t c r i t i c a l i t y i s n o t a concern f o r a nominal 4 i n c h ( o r s m a l l e r ) p i p e s e c t i o n c o n t a i n i n g a maximum o f 4 kg o f Pu, even w i t h optimum moderation and f u l l r e f l e c t i o n , as l o n g as t h e m a t e r i a l stays w i t h i n t h e duct and surrounding p l a s t i c wrap and as l o n g as t h e s e c t i o n remains i n one piece. Once t h e s e c t i o n i s c u t , however, t h e p o t e n t i a l may e x i s t f o r c r e a t i n g a c r i t i c a l a r r a y by arranging c u t pieces s i d e by s i d e s i n c e t h e a n a l y s i s based on c y l i n d r i c a l geometry i s no l o n g e r v a l i d .
pieces, each c o n t a i n i n g 2 kg o f Pu, w i t h t h e c u t pieces then being placed s i d e by s i d e so as t o form a square o f f i s s i l e m a t e r i a l g e o m e t r i c a l l y s i m i l a r t o an i n f i n i t e s l a b . It i s n o t considered c r e d i b l e t h a t t h e m a t e r i a l i n t h e pieces The worst such case would be t h e d i v i d i n g o f a p i p e s e c t i o n i n t o two HNF-SD-SQA-CSA-526, Rev. 0 would be u n i f o r m l y mixed w i t h a d e n s i t y low enough t o f i l l more than h a l f t h e cross s e c t i o n o f t h e duct a f t e r i t i s c u t . It i s t h e r e f o r e assumed t h a t each duct p i e c e i s h a l f f u l l o f a uniform Pu-water mix. The parameters o f t h e r e s u l t i n g square a r r a y s f o r t h e r e l e v a n t duct sizes are shown i n Table 6 . I n order t o make a square array, each duct p i e c e i s assumed t o have a l e n g t h equal t o t w i c e t h e a c t u a l I D o f t h e duct. o f t h e two w a l l thicknesses between t h e two duct pieces. The volume shown i s h a l f t h e t o t a l i n t e r i o r volume o f t h e two duct pieces. 
No c r e d i t i s taken f o r t h e e f f e c t
Note t h a t t h e a r r a y s i z e corresponds t o f o u r times t h e maximum t h i c k n e s s o f t h e m a t e r i a l i n s i d e t h e duct pieces ( i . e . , h a l f t h e d u c t I D ) . The a r r a y can t h e r e f o r e be c o n s e r v a t i v e l y approximated as an i n f i n i t e s l a b (which minimizes t h e surface t o volume r a t i o f o r t h i s geometry).
The r e s u l t i n g c r i t i c a l i t y parameters f o r an assumed f u l l thickness i n f i n i t e s l a b are shown i n Tables 7 and 8 f o r f u l l r e f l e c t i o n and nominal r e f l e c t i o n (1 i n c h o f water e q u i v a l e n t ) , r e s p e c t i v e l y . Minimum c r i t i c a l Pu areal c o n c e n t r a t i o n s were obtained from F i g u r e III.A.8(100)-3 o f ARH-600 ( C a r t e r 1969) w i t h optimum moderation assumed i n both cases. The assumed s l a b t h i c k n e s s i s equal t o h a l f t h e p i p e ID, and assumes p a r t o f t h e m a t e r i a l leaves t h e pipe, mixes w i t h t h e water o u t s i d e , and forms a s l a b geometry. A l l t h e f i s s i l e m a t e r i a l i s assumed t o remain w i t h i n a square w i t h dimensions given i n Table 6 . i n Tables 7 and 8 g i v e t h e r e q u i r e d i n i t i a l Pu d e n s i t y i n s i d e t h e p i p e . The l a s t column Table 7 : I n f i n i t e s l a b c r i t i c a l i t y parameters f o r arrays shown i n Table 6 -f u l l r e f l e c t i o n I n s i d e S1 ab Minimum C r i t . Min. C r i t . Pu D e n s i t y Diameter ( i n ) Thickness ( i n ) Pu Conc. ( k g / f t 2 ) Mass (kg) i n Pipe (g/cm3) C r i t i c a l i t y i s p o s s i b l e f o r t h e f u l l y r e f l e c t e d case as shown i n Table  7 , b u t o n l y i f spacing c o n t r o l l i m i t s are severely v i o l a t e d and t h e glovebox i s flooded. The double contingency p r i n c i p l e i s t h e r e f o r e s a t i s f i e d i n t h a t f a i l u r e o f two independent process c o n t r o l s ( i n t e r a c t i o n c o n t r o l s and r e f l e c t i o n c o n t r o l s ) are necessary t o produce t h e p o s s i b i l i t y o f a c r i t i c a l i t y .
As shown i n Table 8, a c r i t i c a l i t y i s n o t p o s s i b l e even f o r t h e h i g h l y
unfavorable geometry assumed, given o n l y nominal r e f l e c t i o n (1 i n c h o f water e q u i v a l e n t ) . Note t h a t t h e maximum allowed Pu mass remains l e s s than 45% o f t h a t r e q u i r e d f o r c r i t i c a l i t y except f o r t h e nominal 2 i n c h duct, and i n t h a t case t h e r e q u i r e d Pu d e n s i t y i s f a r g r e a t e r than t h e maximum a t t a i n a b l e f o r PUO,.
Once t h e d u c t segment i s c u t i n t o s h o r t e r pieces, t h e m a t e r i a l i n s i d e . T h i s r e q u i r e s a d e n s i t y g r e a t e r than 10 g/cm3 even f o r optimum moderation and f u l l r e f l e c t i o n , which i s c l o s e t o t h e t h e o r e t i c a l maximum d e n s i t y o f PuO,,,and f a r exceeds t h e maximum c r e d i b l e d e n s i t y o f wet PuO powder C r i t i c a l i t y i s t h e r e f o r e n o t a concern f o r 0.5 l i t e r p o l y j a r s o r s q i p -l i d cans f o r t h i s operation. glovebox are 0.5 l i t e r containers and nominal 4-inch diameter o r s m a l l e r p i p e s e c t i o n s . A t o t a l o f s i x 0.5 L c o n t a i n e r s are allowed i n t h e glovebox a t any one t i m e . Except as m o d i f i e d below, a minimum spacing o f 25 cm (10 inches s h a l l be maintained between c u t duct segments and c o n t a i n e r s o r u n i t volumes. Three of t h e 0 . 5 -l i t e r c o n t a i n e r s may be c l u s t e r e d i n t o a s i n g l e u n i t volume f o r purposes o f spacing c o n t r o l . c o n t a i n e r s are allowed i n t h e glovebox a t one time. Each such u n i t volume must be separated from another u n i t volume and from o t h e r i n d i v i d u a l c o n t a i n e r s ( i n c l u d i n g c u t p i p i n g sections) by a minimum o f 25 cm (10 inches). 4 kg o f o p t i m a l l y moderated Pu r e q u i r e s a t l e a s t 6 L o f volume i n a f u l l y For t h i s o p e r a t i o n t h e o n l y f i s s i l e bearing c o n t a i n e r s allowed i n t h e Two u n i t volumes o f t h r e e 0 . 5 -l i t e r r e f l e c t e d sphere t o form a c r i t i c a l system. o n l y h a l f t h e minimum c r i t i c a l volume. When a p i p e s e c t i o n i s c u t i n t o two pieces, t h e pieces s h a l l be moved apart and a minimum 25 cm spacing e s t a b l i s h e d as soon as p r a c t i c a b l e . A s i n g l e 0.5 l i t e r p o l y j a r o r s l i p -t o p c o n t a i n e r may be brought up t o a p i p e s e c t i o n f o r t h e purpose o f t r a n s f e r r i n g m a t e r i a l . When t h e t r a n s f e r i s complete, t h e minimum 25 cm spacing s h a l l be reestablished.
S i x 0.5-L containers represents For t h i s one-time operation, p i p e sections w i t h up t o 4 kg o f Pu may be brought i n t o Glovebox 235-B-2 f o r sectioning and/or cleaning. However, o n l y one duct segment which would make t h e t o t a l glovebox f i s s i l e l o a d i n g g r e a t e r than o r equal t o 400 g (wet) o r 2500 g ( d r y ) i s t o be brought i n t o t h e glovebox a t a time. The e x i s t i n g CPS f o r Glovebox 235-8-2, CPS-2-165-80290, Section B, allows a 400 g t o t a l l i m i t i n t h e glovebox.for m a t e r i a l w i t h u n l i m i t e d moderation. Section A allows a 2500 g l i m i t i f t h e m a t e r i a l i s d r y ( i . e . , H/Pu 5 2.0). More than one p i p e s e c t i o n can be loaded i n t o t h e glovebox under p r o v i s i o n s o f t h e e x i s t i n g CPS i f these f i s s i l e mass l i m i t s are n o t exceeded. A l l m a t e r i a l ( r e s u l t i n g duct pieces, containers, p l a s t i c bags, packaging, and t r a s h ) from operations on t h e previous duct segment(s) must be removed from t h e glovebox, and a l l s p i l l s o f f i s s i l e m a t e r i a l cleaned up, before t h e next p i p e section(s) can be loaded i n .
RECOMMENDED PROCEDURES AND CONTROLS I t i s recommended t h a t t h e f o l l o w i n g items be included i n t h e CPS and procedures: a)
A c t i v i t i e s s h a l l cease pending review by Nuclear Safety and C r i t i c a l i t y and S h i e l d i n g i f new NDA o r o t h e r measurements reveal plutonium deposits more than 50% g r e a t e r than amounts expected on t h e basis o f t h e previous surveys. 
REVIEWERS COMMENTS
H.J. Goldberg o f t h e C r i t i c a l i t y and S h i e l d i n g group c a r r i e d o u t an independent, t e c h n i c a l review o f CSER 97-001, f o r which t h e f o l l o w i n g comments were provided. and t h e r e s u l t s were found t o be t e c h n i c a l l y j u s t i f i e d , w i t h a b i a s on t h e c o n s e r v a t i v e side. o f t h e bounding cases and t h e values found agreed w i t h t h e CSER being reviewed. I n a d d i t i o n a l l hand c a l c u l a t i o n s were repeated. The C r i t i c a l i t y Safety Evaluation Report CSER 97-001 has been reviewed The c r i t i c a l i t y handbook was checked independently f o r a l l E. M. M i l l e r o f t h e C r i t i c a l i t y and S h i e l d i n g group c a r r i e d o u t an independent, t e c h n i c a l review o f CSER 97-001, f o r which t h e f o l l o w i n g comments were provided.
The t e c h n i c a l arguments f o r q u a l i f y i n g t h e c r i t i c a l i t y s a f e t y o f t h e d u c t r u n t o be removed and handling c u t o f f duct sections were found t o be sound and t h e quoted c r i t i c a l i t y parameters i n t h e t a b l e s were confirmed by review o f t h e referenced data.
expansions t o make i t c o n s i s t e n t w i t h Addendum 1 to CSAR 95-013: Revised PFP E-4 Duct Removal C r i t i c a l L i m i t s f o r Downcomers, ALARA S h i e l d i n g , NDAed Segments, and & i n c h and Smaller P i p i n g , WHC-SD-SQA-CSA-20407, Rev. 0 , t h a t s p e c i f i e s requirements f o r removal o f E-4 d u c t i n g .
The r e p o r t i n c o r p o r a t e s suggested changes and It should be c l e a r l y recognized t h a t a l l o w i n g 4 kg o f wet Pu i n a duct segment i s o n l y safe because o f t h e l i m i t a t i o n t h a t t h e duct must be 4-inch p i p e o r s m a l l e r which allows s u f f i c i e n t neutron leakage t o keep t h e system s u b c r i t i c a l . The surrounding p l a s t i c and metal c o n t a i n e r s used t o prevent contamination must be used o n l y as p r o t e c t i v e b a r r i e r s and n o t as a c o n t a i n e r . Any leakage from t h e duct must be d e a l t w i t h immediately f o l l o w i n g p r e s c r i b e d procedures. t h a t i n c l u d e d f u l l y r e f l e c t e d duct segments, b u t i t should be recognized t h a t t h e increase i n r e f l e c t o r / s h i e l d i n g decreases t h e s a f e t y margin and should n o t be l e f t on p i p i n g o r duct segments beyond t h e time i t reduces dose t o workers. When drums o r boxes are used t o p r o t e c t t h e p l a s t i c wrapped duct segments, f l o o d i n g o f t h e boxes must be prevented by m a i n t a i n i n g s u r v e i l l a n c e when t h e drum o r box i s open. I f flooded, a l e a k from t h e duct c o u l d produce a c r i t i c a l geometry i n t h e l a r g e space i f i t were f i l l e d w i t h water. The 4 kg o f Pu i n t h e d u c t segment i s safe because t h e duct i s a small diameter c o n t a i n e r . To m a i n t a i n t h i s safe geometry, t h e Pu be kept i n t h a t r e s t r i c t i n g diameter and water n o t be allowed t o move i t o u t o f t h e duct. Pu from t h e duct i n Glovebox 235-B-2, t h e c o n t r o l o f geometry must be maintained by keeping t h e Pu i n t h e duct o r i n a h a l f l i t e r c o n t a i n e r , and n o t a l l o w i n g t h e Pu t o s p i l l out i n t o a p i l e o f u n c o n t r o l l e d dimensions e s p e c i a l l y i f t h e Pu i s wet.
The use o f s h i e l d i n g t o meet ALARA i s allowed by t h i s a n a l y s i s When removing
